Abstract. We compute the curvature of the L 2 -metric on the direct image of a family of Hermitian holomorphic vector bundles over a family of compact Kähler manifolds. As an application, we show that the L 2 -metric on the direct image of a family of ample line bundles over a family of abelian varieties and equipped with a family of canonical Hermitian metrics is always projectively flat. When the parameter space is a compact Kähler manifold, this leads to the poly-stability of the direct image with respect to any Kähler form on the parameter space. §0. Introduction It is well known that for a family π : A → S of principally polarized abelian varieties, the theta bundles on the fibers of π form a line bundle Θ over A. From the fact that the theta characters of level n, n ∈ Z + , satisfy a certain heat equation, one knows that the direct image vector bundles π * Θ ⊗n admit projectively flat connections such that the theta characters are parallel sections. Moreover, from the fact that the theta characters form an orthonormal basis with respect to a certain natural L 2 -pairing, one knows that the above projectively flat connections are indeed Hermitian connections (cf. [APW, §5]).
§0. Introduction
It is well known that for a family π : A → S of principally polarized abelian varieties, the theta bundles on the fibers of π form a line bundle Θ over A. From the fact that the theta characters of level n, n ∈ Z + , satisfy a certain heat equation, one knows that the direct image vector bundles π * Θ ⊗n admit projectively flat connections such that the theta characters are parallel sections. Moreover, from the fact that the theta characters form an orthonormal basis with respect to a certain natural L 2 -pairing, one knows that the above projectively flat connections are indeed Hermitian connections (cf. [APW, §5] ).
As a generalization of the above, one considers in conformal field theory a family of Riemann surfaces and an associated family π : M → S of moduli spaces of stable vector bundles over the Riemann surfaces. As before, the so-called generalized theta bundles over the fibers of π form a line bundle Θ over M. An important result in conformal field theory in [TUY] , [H] and [APW] was to show that for n ∈ Z + , π * Θ ⊗n admits a projectively flat connection, whose construction depends on the fact that certain generalized heat equations, or KZ equations, hold for sections of generalized theta bundles.
In another direction, instead of just considering the theta bundles, Welters [W] , following [M1] , showed that for a family of polarized abelian varieties π : A → S and any relatively ample line bundle L over A, π * L always admits a projectively flat connection. This was established from hypercohomological considerations in [W] , which led to certain generalized heat equations for sections of L (cf. also [H] ).
However the projectively flat connections constructed in [H] and [W] are not Hermitian connections in general. From the viewpoint of representation theory, a vector bundle of rank r over S admits a projectively flat connection (resp. projectively flat Hermitian connection) if and only if E arises from a representation of π 1 (S) into PGL(r, C) (resp. PU (r)). Thus a natural and important question that arises is whether the direct image bundles in the above cases admit projectively flat Hermitian connections.
In this article, we study the problem from a different approach. We consider Hermitian metrics on direct image bundles arising from certain L 2 -pairings on the sections of the original vector bundles. Our first main result is to give a computation of the curvature tensor of such L 2 -metrics for a family of Hermitian holomorphic vector bundles over a family of compact Kähler manifolds (cf. Theorem 1 in §2). Our approach has been inspired by that of Schumacher [Sch] in his computation of the curvature of the Weil-Petersson metric, which was defined similarly in terms of certain L 2 -pairing. In particular, the technique of 'horizontal' lifting of vector fields in [Sch] also plays an important part in our calculations. As in the case of the Weil-Petersson metric, we also give an interpretation of our curvature formula in terms of Kodaira-Spencer theory (cf. Proposition 2.3.2).
An interesting application of Theorem 1 is Welters' case of a relatively ample line bundle L over a family of abelian varieties π : A → S. Our second main result is to show that the Hermitian connection of the L 2 -metric on π * L associated to a family of 'canonical' Hermitian metrics on L is indeed projectively flat (cf. Theorem 3 in §2). Thus our result generalizes the result mentioned above for theta bundles over families of principally polarized abelian varieties, and it improves Welters' result [W] in terms of representation of π 1 (S). We sketch the proof of Theorem 3 briefly as follows. First, we reduce Theorem 3 to the case when the smooth (1, 1)-form on the total space of the family of abelian varieties (which is flat on each fiber) is given as the first Chern form of a smooth Hermitian metric on the relatively ample line bundle over the total space, so that Corollary 2 applies. Then an important step in simplifying the curvature tensor of the L 2 metric is to show that the values of the above-mentioned (1,1)-form evaluated at the horizontal lifting of tangent vectors from the base space are constant along each fiber. The latter is achieved by comparing the (1,1)-form with another (1,1)-form on the total space with the same values along the tangent spaces of the fibers but with zero eigenspaces along the tangent spaces of the leaves of certain natural smooth foliation on the total space. We remark that our original approach in proving Theorem 3 consists of studying the classifying map from the families of ample line bundles over abelian varieties to the associated universal Poincaré line bundles over families of abelian varieties parametrized by Siegel modular varieties. The present simpler and more direct approach is suggested by the referee. This paper is organized as follows. In §1, we introduce some notations and list our main results. In §2, we compute the curvature of the L 2 -metric. In §3, we treat the case of a family of Hermitian holomorphic line bundles whose first Chern forms give the Kähler metrics on the manifolds. In §4, we make some useful observations on L 2 -metrics associated to families of polarized abelian varieties. The results in §4 are needed in §5, where we give the proof of Theorem 3 in full generality. Finally in the Appendix ( §6), we also give a description of the canonical Hermitian metrics in the 'local universal' case of families of Poincaré line bundles over abelian varieties parametrized by Siegel modular varieties. (1.1). Let π : X → S be a surjective holomorphic map between complex manifolds X and S such that X s := π −1 (s) is an n-dimensional compact complex manifold for each s ∈ S. Moreover, suppose that X admits a smooth (1,1)-form ω X ∈ A 1,1 (X ) such that the restriction ω s := ω X | Xs is a Kähler form on X s for each s ∈ S. Then such (π : X → S, ω X ) is called a family of compact Kähler manifolds parametrized by S. With some slight abuse of notation, we will simply call ω X ∈ A 1,1 (X ) a family of Kähler metrics for the family π : X → S. Observe that two different (1, 1)-forms on X may lead to the same restrictions {ω s } s∈S . Let E be a holomorphic vector bundle over X , and let h be a smooth Hermitian metric on E. Then for each s ∈ S, the restriction (E s → X s , h s ) forms a Hermitian holomorphic vector bundle over X s , where E s = E| Xs and h s = h| Xs . Thus (E, h) can be understood as a family of Hermitian holomorphic vector bundles over the family of complex manifolds π : X → S. By a result of Grauert [G] , the direct image sheaf π * E is coherent over S, and is thus locally free on the complement of a proper subvariety Z in S. Moreover, changing Z if necessary, one may assume that π * E is given by
For simplicity, we will also denote by π * E its underlying holomorphic vector bundle over S\Z. It is easy to see that h and ω X induce a smooth Hermitian metric, known as the L 2 -metric, on π * E over S\Z given by
where t, t denotes h s (t, t ). We will also denote by , the inner product on E s -valued differential forms induced by h s and ω s . Consider a family of compact Kähler manifolds (π : X → S, ω X ). The orthogonal complement of Ker(π * : T X → T S) in T X with respect to ω X defines a smooth 'horizontal' vector subbundle T H X ⊂ T X . For s ∈ S and a holomorphic tangent vector u ∈ T s S, there exists a unique lifting of u to a smooth vector field
Such v u is called the horizontal lifting of u (with respect to ω X ). Moreover one can easily check that
(cf. (2.1.2)), and its class [A u ] ∈ H 0,1 (X s , T X s ) is the Kodaira-Spencer class of u (cf. e.g. [FS] , [Sch] and (2.3)).
We will denote by s = (s i ) 1≤i≤m , where m = dim C S, the local holomorphic coordinates for S, and we will denote z = (z α ) 1≤α≤n the local holomorphic coordinates for the fibers X s . Thus (z, s) (ii) We refer the reader to (2.3) for an interpretation of the first term of Θ in (1.1.5) in terms of Kodaira-Spencer representatives.
(iii) Theorem 1 in the special case of a family of Hermitian-Einstein vector bundles over a fixed compact Kähler manifold was treated earlier by the authors in [TW] , where the curvature of the L 2 metric was further expressed in terms of harmonic representatives of the Kodaira-Spencer class of the tangent vectors of the base manifold.
(iv) For a family of compact Kähler-Einstein manifolds with constant non-zero scalar curvature, one can always glue the Kähler forms (associated to the Kähler-Einstein metrics) on the fibers appropriately to get a d-closed (1,1)-form on the total space (cf. e.g. [Sch] ). In particular, Theorem 1 applies to such families of Kähler manifolds.
(1.2). Next we consider a family of Hermitian holomorphic line bundles (L → X , h) over a family of n-dimensional compact Kähler manifolds (π : X → S, ω X ) such that for some k ∈ R, Thus in particular, one has, for all s ∈ S, 
(1.3). To facilitate ensuing discussion, we recall that a connection D on a smooth complex vector bundle F of rank r over a manifold M is said to be projectively flat if there exists a complex 2-form α ∈ A 2 (M ) such that the curvature form
where Id F is the identity endomorphism on F . It is well known that F admits a projectively flat connection if and only if F arises from a representation Φ : π 1 (M ) → PGL(r, C). Here π 1 (M ) denotes the fundamental group of M , PGL(r, C) := GL(r, C)/C * · I r denotes the projective general linear group, and I r is the r × r identity matrix. Moreover, F admits a projectively flat Hermitian connection if and only if F arises from a representation Φ : π 1 (M ) → PU (r), where PU (r) := U (r)/U (1) · I r denotes the projective unitary group (cf. e.g. [Ko2, pp. 7 and 14] for the above background materials).
Let A 0 be an abelian variety, and let L 0 be a holomorphic line bundle over A 0 .
It is well known that a canonical Hermitian metric always exists on L 0 and it is unique up to a positive multiplicative constant. In fact, this follows from the standard fact that a de Rham cohomology class of a compact complex torus is represented uniquely by a translation-invariant form (see e.g. [GH, p. 302] ).
Now we consider a (holomorphic) family of abelian varieties π : A → S parametrized by a complex manifold S, i.e., each fiber A s := π −1 (s) is an n-dimensional abelian variety. Let L → A be a (holomorphic) family of ample line bundles over the family π : A → S, i.e., L is a holomorphic line bundle over the total space A such that L s := L As is an ample line bundle over A s for each s ∈ S. (Such an L is usually called a relatively ample line bundle.) Then it follows from the Kodaira vanishing theorem that H i (A s , L s ) = 0 for each i > 0 and s ∈ S, and thus by a result of Grauert [G] , π * L is locally free over S with (π * L) [W] proved earlier that under the hypothesis of Theorem 3, π * L admits a projectively flat connection, and hence π * L arises from a representation of π 1 (S) into PGL(r, C), where r := rank(π * L). However, the projectively flat connection in [W] is not a Hermitian connection in general (cf. also [H] ), and thus Welters' result does not lead to statement (i) or (ii) of Theorem 3. Theorem 3, in particular, implies that π * L arises from a representation of π 1 (S) into PU (r).
(ii) Theorem 3 in the special case of the family of theta line bundles (or their powers) over a family of principally polarized abelian varieties is well known and follows from the heat equation and orthonormality of theta characters (cf. e.g. [APW, §5] ).
(iii) We remark that, unlike Theorem 1, the
We are going to prove Theorem 1 in this section, and we will follow the notations in (1.1) throughout §2.
(2.1). Let (π : X → S, ω X ) be a family of compact Kähler manifolds parametrized by a complex manifold S, and write X s := π −1 (s) and ω s := ω X Xs for each s ∈ S. Let m = dim C S and n = dim C X s . We will use s = (s i ) 1≤i≤m to denote local holomorphic coordinates of S, which will be indexed by the letters i, j, k, etc. Also we will use z = (z α ) 1≤α≤n to denote local holomorphic coordinates of the fibers X s , which will be indexed by the Greek letters α, β, γ, etc. Thus (z, s) = (z α , s i ) 1≤α≤n,1≤i≤m gives local holomorphic coordinates for X and we will use capital letters I, J, K to index coordinates on X so that I can be i or α, etc. Also we write [Sch, §1, equation (1. 2)]). Here gβ α denotes the components of the inverse of g αβ (and not that of g IJ , which may not be invertible). Then it is easy to see that the associated tensor A ∂/∂s i defined in (1.1.3) is given locally by
We have the following simple lemma:
and Proof. (i) follows immediately from (2.1.1) and (2.1.2). (ii), (iii) and (iv) can be found in [Sch, Lemma 2 .1], [Sch, Lemma 2.6] and [Sch, Lemma 2.2] , respectively. We remark that among the conditions assumed in [Sch] , the proofs of [Sch, Lemma 2.6] and [Sch, Lemma 2.2] work under the mere condition that ω X is d-closed.
(2.2). Now we give the proof of Theorem 1 as follows:
Proof of Theorem 1. Let (E → X , h) be a family of Hermitian holomorphic vector bundles of rank r over (π : X → S, ω X ) as in Theorem 1, where dim C S = m and dim C X s = n. Here and thereafter, X s and ω s are as in (2.1). For simplicity, we simply write H := H h,ωX . Choose local holomorphic coordinates s = (s 1 , . . . , s m ) for S so that π * E is locally free at s = 0 and of rank p. Choose a holomorphic triv-
Here H ab := H(t a , t b ). In the sequel, covariant derivatives will be with respect to the Hermitian connection on (E, h). For 1 ≤ i ≤ m, recall from (2.1) the horizontal lifting v i of ∂/∂s i with respect to ω X . With respect to the above trivialization, the curvature tensor Θ of (π * E, H) at s = 0 is given by
First we deal with the integral I 2 . Denote by H E0 the harmonic projection operator on E 0 with respect to the∂-Laplacian. The Hodge decomposition theorem gives, at s = 0,
where G E0 is as in (1.1). As in (2.2.2), it follows from (2.2.1) that we have
Combining (2.2.3) and (2.2.5), we have at s = 0,
Taking∂ along the X 0 direction, we have, from the Ricci identity,
(by holomorphicity of t a and Lemma 2.1.1(i)) 
Next we consider the integral I 1 . From the Ricci identity, we have
(2.2.9) By (2.2.2) and (2.2.9), we have (2.3). Notation as in (1.1). In this subsection, we are going to interpret the terms
(1.1.5) in Theorem 1 in terms of Kodaira-Spencer theory. Let (p : E → X, h) and (π : X → S, ω X ) be as in Theorem 1. Here p and p s denote the projection maps. For each rank-r holomorphic vector bundle E s := E Xs , where X s = p −1 (s), we denote by P s the associated principal GL(r, C)-bundle over X s . By abuse of notation, we also let p s : P s → X s denote the projection map. The structure group GL(r, C) acts naturally on the tangent bundle T P s of P s , and we denote the quotient by Q s := T P s /GL(r, C). Then Q s is a holomorphic bundle over X s (with holomorphic structure induced from T P s ) such that O Xs (Q s ) is isomorphic to the sheaf of germs of GL(r, C)-invariant tangent vector fields on P s . Denote the associated quotient map by τ s : T P s → Q s . It is easy to see that the differential p s * : T P s → T X s factors through τ s to a bundle epimorphism q s : Q s → T X s , i.e., one has p s * = q s • τ s . By [A, Theorem 1 and Proposition 9], there exists a short exact sequence of holomorphic vector bundles
over X s , which is usually known as the Atiyah sequence associated to E s . Similarly, for the vector bundle E over X , we have the associated principal GL(r, C)-bundle p : P → X , the quotient Q := T P/GL(r, C), the quotient map τ : T P → Q and q : Q → T X with p * = q • τ , and the Atiyah sequence
over X . Of course, the restriction of (2.3.2) to X s simply yields (2.3.1) for each s ∈ S. The Hermitian connection of (E, h) induces an associated principal connection on P which is a gl(r, C)-valued (1,0)-formθ on P invariant under GL(r, C). By identifying the fibers of End(E) with gl(r, C),θ descends to a homomorphism θ : Q → End(E). Moreover θ • i = Id E , which leads to a smooth splitting of (2.3.1) (see [A] for the above discussion). Also consider the following short exact sequence of vector bundles
over X . Here T X |S denotes the relative tangent bundle over X associated to the family π : X → S. For each s ∈ S, we have the Kodaira-Spencer map ρ s :
Here we do not distinguish between a holomorphic vector bundle and its sheaf of germs of holomorphic sections. From (2.3.2) and (2.3.3), we may regard π * T S as a quotient bundle of Q, and this leads to the following short exact sequence of vector bundles 
(2.3.8)
From consideration of type, we haveθ(ṽ i ) = 0 andθ(ṽ i ( ∂/∂z α )) = 0. Together with (2.3.5), we have
where the last equality follows from the descendence ofθ, ∂/∂z α ,ṽ i to θ, ∂/∂z α ,v i respectively (as a result of their GL(r, C)-invariance). We finally have
.8) and (2.3.9)).
This finishes the proof of Lemma 2.3.1.
For k, l ≥ 0, we also denote the extension of the Hermitian connection ∇ of (E s , h s ) induced from the tensor product
. We summarize our discussion in this subsection in the following
Proposition 2.3.2. In terms of the∂-closed representativeÂ ∂/∂s i of the KodairaSpencer classρ(∂/∂s
, the curvature formula (1.1.5) of Theorem 1 can be re-written as follows:
Proof. Proposition 2.3.2 follows immediately from (1. 1) . In this subsection, we make some simple observations on the L 2 -metrics on direct image bundles associated to families of ample line bundles over families of abelian varieties. These will be needed in the proof of Theorem 3 in §5.
Let π : A → S be a family of abelian varieties parametrized by a complex manifold S, and let L → A be a family of ample line bundles as in Theorem 3. Recall that for any smooth family of Hermitian metrics ρ on the family of holomorphic line bundles L → A and any smooth family of Kähler metrics ω A on the family π : A → S, one has an associated L 2 -metric H ρ,ωA on π * L as defined in (1.1.1). For a holomorphic line bundle F over S and a Hermitian metric h on F , it is easy to see that (L ⊗ π * F, ρ ⊗ π * h) forms a family of Hermitian holomorphic line bundles. Thus one also has the associated 
Proof. For each s ∈ S, one has the isomorphism
It is easy to verify that under the above correspondence, we have the following isometry of Hermitian vector bundles over S: 
induced by the isomorphism End(F ) O S , it follows from (4.1.1) that
Then Proposition 4.1.1(i) follows from (4. 
(by Ricci identity, (4.2.1) and flatness of ω s )
(by Ricci identity and (4.2.1))
(since t is holomorphic and g αδ;γ = 0)
Thus we have finished the proof of Lemma 4. 
Proof. Fix a Euclidean coordinate system (z α ) 1≤α≤n on A s as above. Since ω s is flat, we have
where C is some positive constant. Observe that for 1 Now we summarize our discussion in (4.2) in the following 1) . In this subsection, we are going to deduce Theorem 3 from Corollary 2 under the additional assumption (4.2.1) as embarked in §4. Theorem 3 in full generality will be proved in (5.2). As remarked in §0, the approach taken in this section is largely suggested by the referee.
First we describe a natural smooth foliation on any holomorphic family of ndimensional abelian varieties π : A → S as follows: Recall that each fiber A s = π −1 (s) is of the form C n /Λ(s) for some lattice Λ(s) of C n . Moreover, over a small open subset U of S, we may fix a choice of Λ(s) and a choice of generators e 1 (s), · · · , e 2n (s) of Λ(s), s ∈ U , such that each e i (s) varies holomorphically on U , shrinking U if necessary. For simplicity, we simply denote the corresponding holomorphic family of generators over U by e 1 , · · · , e 2n . It is easy to see that one has the following holomorphic isomorphism (as families over U ) given by
where Z 2n is identified with the family of lattices generated by e 1 , · · · , e 2n over U . Next we define a foliation F (U × C 2n ) on U × C 2n , whose leaves are of the form
where a = (a 1 , · · · , a 2n ) ∈ R 2n . In other words, a leaf of the foliation is given by a fixed real linear combination of e 1 , · · · , e 2n over U . It is easy to see that the foliation F (U × C 2n ) is smooth and invariant under the action of Z 2n in (5.1.1). Moreover it does not depend on the choice of the family of generators e 1 , · · · , e 2n . Thus it descends to a smooth foliation on A U , which we denote by F (A U ). Moreover, one can easily check that F ( Proof. It is easy to see that the conditions in (5. 
It is easy to see that w i , w j ∈ ker(dπ), and thus w i and w j restrict to smooth vector fields on each fiber A s . 
Hence w i is a global holomorphic (and thus translation-invariant) vector field on A s , and so is w j . It follows that we may write (5.1.8)
where τ is as in (6.1.1). Let Γ be a discrete torsion-free subgroup of Sp(2n, R). Then X Γ := H n /Γ is smooth, and one gets an associated analytic family of δ-polarized abelian varieties given by
In general, it is well known that the set of δ-polarized abelian varieties is in one-toone correspondence with H n /Sp(2n, Z, δ) for some arithmetic subgroup Sp(2n, Z, δ) ⊂ Sp(2n, R), but Sp(2n, Z, δ) may not be torsion-free (cf. e.g. [MT, §1] , [MFK] , [SD, for the above background materials). By [Ku, p. 82] , there exists the following Kähler form given by
which can easily be seen to be invariant under the Sp(2n, R) R 2n action in (6.1.2) (cf. e.g. [MT, §1] 
Write L s := L Γ | As and ρ s := ρ Γ | Ls for s ∈ X Γ . Then it follows easily from (6.1.5) that each ρ s is a canonical Hermitian metric on L s .
Remark 6.1.1. It is proved in [Ku] (see also [Sa, ) that when Γ ⊂ Sp(2n, R) is discrete and torsion-free, such an (L Γ , ρ Γ ) over X Γ and satisfying (6.1.5) always exists. Here X Γ need not be compact. If X Γ is indeed compact, then as concluded there, it follows that ω Γ is a Hodge metric.
(6.2). Let π : A → S be a family of abelian varieties parametrized by a complex manifold S. For each s ∈ S and A s = π −1 (s), the set of isomorphism classes of holomorphic line bundles with zero first Chern class is isomorphic to the dual abelian varietyÂ s of A s . It is well known that {Â s } s∈S also form an analytic family of abelian varieties parametrized by S, which we denote byÂ. Fix a type of polarization δ of A, and letÂ s (δ) denote the set of isomorphism classes of holomorphic line bundles over A s with first Chern class determined by δ. Then it is also well known thatÂ s (δ) is isomorphic toÂ s (as an algebraic variety), and thus one also has a familyπ :Â(δ) → S (withÂ(δ) π(s) =Â s (δ) for each s ∈ S), which is analytically isomorphic toÂ. Consider the fibered product A × SÂ (δ) := {(x, y) ∈ A ×Â(δ) π(x) =π(y)}.
It is easy to see that A × SÂ (δ) is a smooth complex submanifold of A ×Â(δ). We will denote by p (1) : A × SÂ (δ) → A and p (2) : A × SÂ (δ) →Â(δ) the projection maps onto the factors A andÂ(δ), respectively. (Throughout this appendix, we will simply denote by p
(1) and p (2) the projection maps of any fibered products onto the first and second factors, respectively, when no confusion arises.) The projection maps π,π induce the projection mapπ : A × SÂ (δ) → S such that π −1 (s) = A s ×Â s (δ) for s ∈ S. For each s ∈ S, one has the associated Poincaré line bundle P s (δ) over A s ×Â s (δ) such that (i) for w ∈Â s (δ), P s (δ)| As×{w} is Consider p (2) : A × SÂ (δ) →Â(δ) as a family of abelian varieties parametrized byÂ(δ), and let ε :Â(δ) → A × SÂ (δ) denote the zero section. Then it is well known that one can uniquely glue the P s (δ)'s together to form a holomorphic line bundle P S (δ) over A × SÂ (δ) such that (i) P S (δ) π −1 (s) = P s (δ) for s ∈ S; and (ii) P S (δ) ε(Â(δ)) OÂ (δ) . P S (δ) will be called the Poincaré line bundle over A× SÂ (δ) . Observe that we may consider P S (δ) as a family of ample line bundles parametrized byÂ(δ). We refer the reader to [MFK, Chapter 6] for the above background materials.
(6.3). Now let Γ be a discrete torsion-free subgroup of Sp(2n, R). Fix a type of polarization δ, and let π : A Γ → X Γ be the family of δ-polarized abelian varieties as constructed in (6.1). Then it follows from (6.2) that we have an associated familyπ :Â Γ (δ) → X Γ and an associated Poincaré line bundle, denoted by P Γ (δ), over the fibered product A Γ × XΓÂΓ (δ). Also recall from Remark 6.1.1 that there exists a Hermitian holomorphic line bundle (L Γ , ρ Γ ) over A Γ such that (6.1.5) is satisfied. As for P Γ (δ), we denote by P Γ (0) the 'usual' universal Poincaré line bundle over A Γ × XΓÂΓ associated to line bundles over fibers of π : A Γ → X Γ with zero first Chern class (cf. (6.2)). It is well known that the polarization δ induces a morphism λ δ : A Γ →Â Γ satisfying the following properties: (i) one hasπ • λ δ = π, and for s ∈ X Γ , λ 
(cf. [MFK, Chapter 6, §2] ). Here µ : A Γ × XΓ A Γ → A Γ denotes the holomorphic map given by the group law on each fiber of the projection mapπ : A Γ × XΓ A Γ → X Γ , i.e., µ(z, w) = z + w for z, w ∈π −1 (s) = A s × A s , s ∈ X Γ . Since L Γ induces the polarization δ on A Γ , it follows easily from (6.3.1) that under the identification A Γ (δ) ∼ =ÂΓ (cf. (6.2)), one has (6.3.2) Φ *
Moreover, it is easy to see that h δ := µ * ρ Γ ⊗ (p (2) ) * ρ Γ −1 is a smooth Hermitian metric on Φ * δ P Γ (δ) such that h δ Lw is a canonical Hermitian metric on L w := Φ * δ P Γ (δ) (p (2) ) −1 (w) for each w ∈ A Γ . From (6.1.5), one easily sees that (6.3.3) c 1 (Φ
